The R Coronae Borealis (RCB) stars are a small group of hydrogen-poor, carbon-rich variables that undergo random declines in brightness of up to 7 mag or more in visual light. They are of considerable interest because their origin (perhaps born-again planetary nebulae or merged white dwarfs) and their current behaviour (including episodic dust formation) are not understood. Three members of this class in the Large Magellanic Cloud (LMC) (Feast 1972) show that they are high-luminosity objects, although their kinematics and galactic distribution strongly suggest that they have low masses. Various aspects of the RCB stars have been reviewed by Feast (1975 Feast ( ,1979 Feast ( ,1986 Feast ( ,1990 Feast ( ,1996 , by Clayton (1996) and by Lambert & Rao (1994) . The latter reference deals especially with their chemical compositions. The deep minima have long been regarded as being due to dust obscuration (Loreta 1934; O'Keefe 1939) . In the present series of papers these are referred to as 'obscuration minima'. Near-infrared excesses, characteristic of dust at an equivalent blackbody temperature of -900 K were found for R CrB itself (Stein et al. 1969 ) and for RY Sgr (Lee & Feast 1969) , and were shown to be a general feature of this . class by Feast & Glass (1973) . Forrest, Gillett & Stein (1972) found that the infrared (dust) flux from R CrB did not change significantly when the star went into an obscuration minimum showing that the dust cloud causing the obscuration could not be spherically symmetrical about the star in this one case at least. In the case of the pulsating RCB star RY Sgr, Feast et al. (1977) found that the 3.5-~ (L) flux, which is mainly due to the dust emission, varied in the pulsation period, showing that the emitting dust was heated by the star (contrary to some speculations). This variation at L in the pulsation period continued unchanged through an obscuration minimum (Feast 1979, and Feast 1997 , hereafter Paper III of the present series),
showing that the underlying star is not changed in a major way during such an event. The average mass-loss rate of an RCB star was estimated as 10-6 Mo yr-1 (Feast 1986 ). The extensive spectroscopy and optical photometry of RY Sgr at an obscuration minimum (Alexander et al. 1972) , as well as earlier spectroscopy of R CrB (e.g. Herbig 1949 , 1958 , Payne-Gaposchkin 1963 , is explicable in terms of a small dust puff in the line of sight which is blown outwards from the star by radiation pressure (Hartmann & Apruzese 1976) and which expands in a cone to eclipse first the stellar photosphere and then the outer regions of the star (commonly referred to as the 'chromosphere': see Feast 1986 ). The typical outward dust velocity is ~200 Ian S-1 (Alexander et al. 1972; Feast 1986 ), although higher velocities have been observed in V854 Cen (Clayton et al. 1993a ). More details of the dust model are given in the reviews listed above.
The L-band brightness of R CrB was found to vary by ~ 1.5 mag (Forrest et al. 1972; Strecker 1975 ) possibly with a 1100-d periodicity (only two minima and the maximum between them were observed). Feast et al. (1977) found that RY Sgr also varied by about 1.5 mag at L on a long (undetermined) time-scale. Smaller, long-term, variations were reported by Glass (1978) from limited observations of several other RCB stars. Since these observations suggest long-term variations of unknown origin in the rate of dust production it seemed desirable to study the variations of the shells in much greater detail. For this and other reasons an extensive programme of JHKL (1.2-, 1.6-,2.2-and 3A-llm) photometry has been carried out which together with some earlier South African Astronomical Observatory (SAAO) observations covers a period of about 23 yr. The present series of papers presents and discusses this work together with relevant optical data. There are four papers in the present group.
I. (this paper) Infrared photometry and long-term variations.
II. (Feast 1997) Further inferences from the infrared data.
III. (Menzies & Feast 1997 )The pulsation and obscuration minima of R Y Sgr.
IV. (Feast, in preparation) Stellar and dust properties.
The RCB stars discussed in these papers all belong to the group of these stars with the temperatures of F-type stars or lower. If we adopt the spectroscopic temperatures of Lawson et al. (1990) then the main-programme stars clearly divide into a hotter group with spectroscopic temperatures near 7000 K (UW Cen, V854 Cen, V CrA, R CrB, RZ Nor, RY Sgr, GU Sgr, SU Tau and RS Tel) and a cooler group with spectroscopic temperatures near 5000 K [S Aps, WX CrA and U Aqr (for the latter star Lawson et al. give 5500 K) V The cooler group are distinguished from the others by having strong C z bands as an apparently permanent feature of their spectra (see e.g. Feast & Glass 1973 , Marang et al. 1990 ). Some photometry of HdC stars is included in the present paper. These stars have chemical compositions similar to the RCB stars but are not known to I The blackbody colour temperatures of the ReB stars are about 1000 K lower than the spectroscopic temperatures (see e.g. Lawson et al. 1990 and Paper II). undergo obscuration minima. They probably have temperatures intermediate between the above two groups of RCB stars. Warner (1967) gives them ionization temperatures in the range 5250 to 5727 K (but note his ionization temperature for R CrB is only 6146 K). Table 1 contains extensive JHKL photometry of the following 11 RCB stasr; SAps, UW Cen, V854 Cen, V CrA, WX CrA, R CrB, RZ Nor, RY Sgr, GU Sgr, SU Tau and RS Tel; andJHK photometry only for U Aqr. Table 2 contains single JHKL measurements of U Aqr, Y Mus, VZ Sgr and V3795 Sgr, as well as observations of the non-RCB HdC stars, HO 137613,148839,173409,175893 and 182040 .
INFRARED OBSERVATIONS
The bulk of the observations were made with the MkII infrared photometer on the 0.75-m telescope at the SAAO, Sutherland, although a few of the measurements were made on the 1.0-or 1.9-m telescopes there. The observations were reduced to the SAAO system using the standards of Carter (1990) . The table includes a small number of observations obtained with these telescopes and already published [Feast & Glass 1973; Feast et al. 1977; Glass 1978 (this reference contains some measurements made with the SAAO photometer on the Teneriffe l.5-m flux collector); Kilkenny & Marang 1989; Goldsmith et al. 1990 ]. Where necessary this latter photometry has been rereduced to the current SAAO system. Observations prior to 1976 were made with a PbS detector. Subsequently, InSb detectors were used.
The accuracy of much of the photometry is better than ~ 0.01 mag. However, some of the photometry was of considerably lower accuracy, generally due to the faintness of the object at the time of the observations. Such photometry has been retained in a number of cases where it is valuable in following the large-amplitude variations of the stars. In Tables 1 and 2 In the tables and in the text all Julian Oates are given minus 2440000.
The colours derived from the listed observations of RZ Nor on JO 6454 and 6458, GU Sgr on JO 7311 and 7735, and RS Tel on JO 9236, are similar to those of normal stars and quite unlike those anticipated for RCB stars. It is probable that the wrong star was observed in these cases and the observations have been omitted in the discussion.
Interstellar absorption corrections were estimated from the distances and galactic latitudes of the stars using the formula in Whitelock, Feast & Catchpole (1986) . The distances were derived using M v= -5 (Feast 1972 (Feast , 1979 and visual magnitudes at maximum light from the literature. The values of A v adopted are: SAps, 0.38; U Aqr, 0.03; UW Cen, 0.58; V854 Cen, 0.20; V CrA, 0.27; WX CrA, 0.58; R CrB, 0.03; Y Mus, 1.82; RZ Nor, 1.47; RY Sgr, 0.20; VZ Sgr, 2227  3227  2223  2223  2224  2224  2224  2224  2223  2222  2322  2223  2222  2223  2224  2222  2223  2224  2223  2222  2223  2223  2224  2222  2223  2222  2223  2222  2227  2222  2224  1113  1113  1112  1113  1112  1112 code   1113  1112  1111  1111  1112  1112  1114  1112  1111  1117  1114  1112  1112  1112  1113  1112  1113  1114  1112  1112  1117  1112  1112  1113  1112  1112  1117  1112  1111  1111  1111  1112  1117  1114  1111  1111  1112  1114  1112  1112  1112  1111  1112  1112  1111  1111  1111  1112  1111  1112  1111  1112  1112  1112  1111  1112  1111  1113  1112  1111  1111   1111 1111 1112 (Alcock et al. 1996) suggests that there may be a range of absolute magnitudes amongst the RCB stars. This adds some uncertainty to the reddening adopted here. However, the conclusions of the present series of papers do not depend critically on these reddenings unless this is specifically pointed out. they are brighter and the values of A v adopted for the HdC stars are sufficiently small that decreasing them will not have a significant effect on any of the conclusions in this series of papers.
The following reddening ratios were adopted: Table 1 in JHKL. All these diagrams are plotted to the same scale in JD and magnitude so that they may easily be compared. Because the JD scale has been compressed to cover a long time interval ( ~ 10000 d), points close together in time overlap each other. The magnitude scale is also quite compressed. Thus a great deal of fine detail is obscured. This detail will be discussed in this and the other papers of the series, as appropriate. We give first a discussion star by star and then (Section 4) a general discussion. Some initial remarks are, however, required. It is clear from these figures that the brightness at J of most of the stars undergoes relatively sharp, deep dips. These dips correspond to visual obscuration minima (where data on the latter are available). In general these obscuration minima are also obvious at H although the change in magnitude is less than at J. At K the drop is less still, and not always obvious, whilst at L the dips are never obvious. These results are entirely consistent with the expectation that the J brightness at maximum light is primarily due to the photospheric radiation of the unobscured star, whilst the brightness at L is primarily due to radiation from the hot circumstellar dust. It has long been known (Feast & Glass 1973 ) that theJHKL flux distribution of the RCB stars of the type under discus- sion can be approximated by the combination of blackbody distributions in the temperature range 4000-6000 K for the star with those in the range 800-1000 K for the dust shell (see also Paper II). Fig. 1 shows, for a range of such blackbody distributions, the corrections required to L ( = bL ) for the stellar contribution, as a function of (J -L )0' Table 3 lists, for the programme stars, the differences between an estimated mean value of J 0 at maximum light [(Jmax)] and the values of Lo at maximum and minimum L brightnesses. Table 4 gives mean values of (J max -L)o for stars with a limited number of observations. Comparison of this table with Fig. 1 shows that in general the L flux is primarily from the shell for the RCB stars. A similar calculation shows that outside obscuration minima the J luminosity is almost entirely due to the star. The correction to J (outside minima) for the contribution of the shell is always less than ~0.1 mag and generally much smaller. In deep obscuration minima a significant contribution of the dust shell to the J flux is possible. In the following discussion it is assumed that J, outside obscuration minima, refers to the star and L to the shell, with corrections based on Fig. 1 when a quantitative discussion is attempted.
Av:E(J -H):E(H -K):E(K -L)
It is also useful in certain cases to make an approximate estimate ofthe proportion ofthe total (bolometric) flux of the object which comes at any particular time from the RCB shell. This obviously depends on the energy distributions of the shell and ofthe star. In particular, much of the energy of the star is at short wavelengths and the colour temperature of the star derived from infrared observations may well be different from that appropriate at shorter wavelengths. Fig. 2 shows () =Fbol(shell)/Fbol(star) as a function of (J -L )0 for combinations of stars and shells considered as blackbodies at the temperature shown. Comparison with Table 3 shows that the upper limit to () for this sample of stars is ~0.5 (about 50 per cent of the flux from the shell). For stars in Table 3 with a large range in L the proportion of the total flux in the shell ranges from ~ 50 per cent to less than 10 per cent. For the bolometric flux of star plus shell to remain constant this implies a change in the integrated bolometric flux of the star (as it would be observed outside the shell) of about 0.7 mag. The relevance of this will be discussed in Paper IV.
SAps
The infrared observations (Fig. 3) The R Coronae Borealis stars -I 329 that the last of these, near JD 9200, was not observed at!. It would presumably have been very deep since the H magnitudes at that time are the faintest observed for this star. The scatter of the observations near JD 2500 is at least partly observational (see the quality characteristic in Table 1 ). L varies irregularly over a range of -1.0 mag. However, taking into account the stellar contribution which is significant when L is faint, the total range of the shell flux is probably ~Lsh -1.5 mag, assuming an equivalent blackbody temperature of 4000 K for the star. The time-scale for the variations at L seems to be of order -1000 d, but the fact that this is the most evident time-scale may be partly due to the temporal coverage and the scale of the plot. There is no good evidence for a secular trend in L (or in the other colours) over the period of observation. Fig. 3 shows that the L flux rose by -0.5 mag after each of the three well-observed obscuration minima at JD-4700, -6500 and -7700. The detailed observations near these times are shown in Figs 4 to 6. Fig. 4 (see also Fig. 3) shows that during the rise from the obscuration minimum (JD 4686 to 4819), which is seen at!, there was no significant trend in L. However, when J had returned to maximum (JD 5010 to 5033), L had brightened by -0.4 mag. During another obscuration minimum (JD 6439 to 6638, see Fig. 5 ), L rises (apart from one discrepant point which is not understood), although this could be part of a general increase inL flux at that epoch (see Fig. 3 ). Fig.   6 shows J and L at the time of the obscuration minimum from JD 7618 to 7782. L is seen to go through a relatively shallow minimum at that time. Since L is then relatively faint, the effect may be due to a significant stellar contribution at L. Fig. 3 shows that L went through a maximum as J rose from this obscuration minimum. In view of the general variability of the L flux it is difficult to be certain whether or not the increases in the L flux in these three cases are physically associated with the preceding obscuration minima.
U Aqr
JHK observations over a period of 16 yr are shown in Fig. 7 . Parts of three obscuration minima are covered. There is considerable variation at J outside obvious obscuration minima (AI ",0.4 mag: note that the errors in the observations are much smaller than the size of the points plotted). The JHKL magnitudes in Table 2 (1.9-m telescope) show that (J -L )() '" 2.5, so that a significant dust shell is present at least in some epochs (cf. Fig. 1) . 
UWCen
The infrared data cover a period of 23 yr. The most evident features of the J light curve (Fig. 8) are the two extended periods of mUltiple obscuration minima centred near JD 4000 and 7000, separated by a period with J remaining near maximum for '" 2000 d. The L light curve shows a steady decline lasting '" 1200 d ( '" Jp 5000 to 6200) followed by a steep rise. The decline coincides roughly with the constant period in J. This suggests that the rate of dust production declined at this time, not only in the line of sight but over the whole star. The decline in L had already begun (JD 5006) by the time the star had recovered from its last obscuration event (as seen at J). The recovery at L was well advanced by JD 6442 when the star was still at maximum in J. The next cycle of obscuration events did not begin until after JD 6459. Thus the general level of dust production must have increased prior to the increased level of activity in the line of sight. At L minimum (JD 6219) the value of (J -L)o is only 1.54. Thus from Fig. 1 , with Tstar '" 6000 K, oL '" 0.5 and Lsh ",6.8. Hence the total amplitude of the shell variations is I'lLsh"'2.7 mag. The flux from the shell clearly varies on a time-scale of '" 2000 d, but there is no evidence of a regular periodicity.
The absence of any anticorrelation of the flux at J in obscuration minimum with that at L from the shell can be seen from Fig. 9 , which shows] and L for the period JD 4309 to 4363. The scatter in this figure may be due to puis ational activity. Although ] remained near maximum during the long decline in L (JD 5000 to 6200), there is evidence for a small increase in brightness at V during this period which will be discussed in Paper IV.
V854 Ceo
This RCB star was only discovered relatively recently (McNaught & Dawes 1986 ) and has thus the least time coverage of any of the stars on the main programme ( ~ 6.5 yr). The star is particularly interesting, since it is by far the most hydrogen-rich of the RCB stars that have been spectroscopically studied (Kilkenny & Marange 1989; Lambert & Rao 1994) , unless FG Sge, which seems to be hydrogenrich, is classed as an RCB star. V854 Cen has also, since its discovery, been the most active of the RCB stars in producing obscuration minima (see for instance, Lawson et a1. 1992) . This high level of activity can be seen in the] data in Fig. 10 , where the star appears to be almost continually active. It is tempting to connect this high level of activity with the unusually high hydrogen abundance (see Feast 1996 , Jurcsik 1996 . However, observations over a much longer period of time are required to establish this firmly . The L data (Fig. 10) give no evidence for large-amplitude variations on a long time-scale ( ~ 1000 d), such as is characteristic of some of the other stars. However, the relatively short period of observation does not allow this to be tested satisfactorily. For instance, as Fig. 8 shows, theL flux ofUW Cen was nearly constant for ~ 2000 d, although it showed large variations at other epochs. V854 Cen shows variations with I1L ~0.5 mag on an apparent time-scale of 1-2 yr and also on shorter time-scales. These latter variations are discussed in Paper IV. Fig. 11 shows the] and L light curves for JD 7200 to 7430. The drop in L brightness that occurred as] dropped steeply into an obscuration minimum is notable, and may indicate a small decrease in the brightness of the underlying star (which is heating the shell) at that time. The light curve for the period JD 7720 to 7760 when] was rising is shown in Fig.  12 . In this case L remains essentially constant. Fig. 13 is for the period JD 8000 to 8500, and covers a partial rise in] and another decline. In this case L initially 2It does not appear possible at present to rule out the hypothesis that the hydrogen abundance in the atmosphere of an RCB star changes on a time-scale of 10 to 100 yr either over the whole stellar surface or in limited patches and that an increase in hydrogen abundance is associated with enhanced grain production. Note that the HdC stars that do not produce dust have very low surface hydrogen abundances (e.g. the summary in Jeffery 1994).
7100 7200 7300 7400 7500 JD -2440000 Figure 11 . The J and L light curves of V854 Cen from JD 7100 to 7500.
....... 
---1---I 8000 8200 8400 JD -2440000 Figure 13 . The J and L light curves of V854 Cen from JD 8000 to 8500.
follows I in rising but the increase in I halts at about JD 8100 whilst that in L continues. Over the period covered by Figs 11 to 13 the impression given is one of slow variations in L (time-scale ~ 200 d) which are probably unrelated to the large-scale variations inI. Fig. 14 , which is for the period JD 8600 to 8900, gives a similar impression .
VerA
This RCB star has been particularly active over the 22 yr covered by the infrared observations (Fig. 15) . Parts of four deep obscuration minima were recorded at I. In addition, the I light curve gives the impression of almost continuous activity of some sort during this period, because there is a wide scatter in the I magnitudes ( > 1 mag) even away from the deep obscuration minima. This suggests the possibility that the star has been particularly active in producing dust over the whole period of observation. This, together with its high (I -L)o throughout the period of observation (see Table 3 ), makes it the star in the present sample that is most like V854 Cen and it is the RCB star, after V854 Cen, that has the highest known hydrogen abundance 
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• 2000 4000 6000 8000 10000 JD -2440000 Figure 15 . The JHKL light curves of V CrA. Rao 1994) . (But note the cautionary remarks regarding a possible relation between hydrogen abundance and obscuration activity in the subsection on V854 Cen.) Fig. 15 shows that the star varies irregularly in L with a total range of '" 0.5 mag around an apparent secular increase in brightness amounting to '" 0.6 mag over 10000d.
The period of the obscuration minimum near JD 3680 is shown in detail in Fig. 16 . It will be seen that L remained essentially constant during that time.
WXCrA
This star, like SAps, is a relatively cool RCB star. The observations (Fig. 17) cover 21 yr. The 0.75-m observations may be slightly contaminated by a faint star in the reference beam. The first five observations listed and the last one were obtained with the 1.9-m reflector. There are no obvious deep obscuration minima in the J light curve, although this shows considerable variability (AJ '" 1 mag). The visual light curve (Bateson 1978) suggests obscuration minima beginning near JD 1050 and 2650, and also that outside deep minima the star varies, possibly irregularly, over a range of '" 1 mag.
The L flux of the shell, L sh , varied irregularly over this time-span by 1.5-2.0 mag, depending on the correction for The R Coronae Borealis stars -I 333 photospheric contribution. Note that because of the relative faintness of the object at L, the errors are larger than usual. The time-scale for the main variations in L seem to be a few thousand days.
RCrB
This is the only RCB star for which extensive non-SAAO infrared photometry has been published. The SAAO data are shown in Fig. 18 . Fig. 19(a) shows the L data of Strecker (1975) which extends from JD 0070 to 2256. Fig. 19(b) .,' . -\.
• ... L data (filled circles) and data from Jones et al. (1990) (crosses), covering the period JD 5396 to 8388. The possibility that the (shell) variations at L might be at least semiregular was suggested by Humphreys & Ney (1974) . Maxima and minima based on a period of 1260 d and beginning at Strecker's first minimum (JD 0640) and maximum (JD 1000) are marked in Fig. 19(a) and (b) . Although the star is clearly fainter in the mean in Fig. 19(b) (L '" 2.5) than in Fig. 19(a) (L ",2.1), and the amplitude has decreased from'" 1.6 to ",0.9 mag, the period seems to fit both sets of data rather well. Note that the L minima near JD 5500 and 7750 occurred in obscuration minima, and the values of L at that stage are likely to be only slightly affected by the star. The L minimum near JD 6500 is at maximum light in J and therefore there is a significant stellar contribution to L. Taking this into account, Lsh at this minimum is approximately the same as at the preceding and following ones. The point at JD 6055 from Jones et al. differs considerably from adjacent ones. This is perhaps not abnormal, however, given the general scatter in Fig. 19 . Between the data plotted in Figs 19( a) and (b) there are, so far as we are aware, only four published L observations of R CrB. These are: JD 2450, L =2.62 (Glass 1978) ; JD 3296, L =2.91 (Shenavrin et al. 1979) ; JD 4288, L =2.2 and JD 4323, L =2.30 (Ashok, Chandrasekhar & Bhatt 1984) . These are insufficient to strongly constrain the possible periodicity given that the shape, amplitude and mean magnitude of the light curve obviously vary.
Although there is more sign of a periodicity in the shell luminosity of R CrB than for any of the other stars in this programme, there is no clear relation between this luminosity and the three obscuration minima shown in Fig. 18 .
RZ Nor
The data (Fig. 20) extend over 13 yr (with one later observation) and cover one obvious deep obscuration minimum at J. Visual observations (Bateson, private suggest that there was a relatively brief obscuration minimum near JD 4150, where there is a gap in the infrared observations between JD 4095 and 4321, and another minimum, perhaps rather shallow, near JD 5300 when again there is a gap in the IR observations. Fig. 20 shows that there is a considerable variation in both J and L on a relatively short time-scale (AT and AL both -0.5 mag). No large-amplitude, long-period (1000-d) variations in L are evident although there might be a secular decrease in brightness of a few tenths of a magnitude over the 13-yr period of observation.
RY Sgr
There are 305 sets ofJHKL observations of RY Sgr in Table  1 . Of the two observations listed for JD 3222 the first was obtained with the 1.9-m reflector (by Glass) and the other with the 0.75-m reflector. The observations are spread over a period of 23 yr. The star was quite active during this time, five obscuration minima being recorded at J. The scatter in the Jlight curve (Fig. 21) , which is best seen out of obscuration minimum, is primarily due to variations in the 38-d pulsation cycle. The pulsation is clearly seen in the dust emission at L (Feast et al. 1977, and Paper III) and is responsible for much of the short-period scatter in the L light curve. 1) gives a total amplitude for the dust emission of ilL sh '" 2.7 mag, which is also similar to the range found for UWCen.
A notable feature of the light curves is the steady decrease in L brightness from '" JD 6000 to nearly JD 8000, during which J remained near maximum. However, at the end of this period the shell emission at L was already on the rise (by JD 7958) well before the obscuration minimum seen at J began. The J minima beginning near JD 3346 and 5000 occurred close to maximum brightness in L, whilst that at JD '" 8000 occurred during a rapid rise in L brightness.
R Y Sgr is discussed in more detail together with optical observations in Paper III.
GU Sgr
The main group of infrared observations covers 20 yr. J shows a long period of quiescence ( '" 4000 d) lying between two obscuration minima (Fig. 22) . The second of these minima ( '" JD 7800) was evidently quite deep. Although the J magnitude at this time is uncertain owing to its faintness, it indicates AI > 5 mag. There are large variations in L. The observed range is greater than 2 mag and when the contribution from the star itself is allowed for (using Fig. 1 The R Coronae Borealis stars -I 335 tion minima, although there is a standstill on the declining branch in L ( '" JD 7000 to 8000) which coincides with the second of the obscuration minima.
SU Tau
The main group of infrared observations covers 15 yr, during which there were four obscuration minima each of which is clearly seen at J (Fig. 23) . Outside deep minima, J was approximately constant with short-term variations over a total range of ",0.2 mag. The most conspicuous feature of the L light curve is the minimum near JD 6500. Table 3 and Fig. 1 show that outside obscuration minima a significant amount of the flux at L is from the star itself. This is particu1arly the case for the faint L points near JD 6500. If this is taken into account the magnitude of the shell alone would be '" 0.4 mag fainter than L at this time, and the total range of the shell, ilL sh' would be '" 2 mag. The time between L maximum and L minimum is about 2000 d but the light curve is evidently quite irregular. Perhaps the most conspicuous time-scale for variations is '" 1000 d. In addition, there is a slight suggestion of a decline in L brightness by '" 0.4 mag over the period of observation ( '" 6000 d). Fig. 23 and Table 1 show that whilst L was essentially the same [£ =4.56 (21 observations)] in the period JD 3848 to 3924 as it was in the period JD 4245 to 4295 [£ = 4.61 (three observations)], the J brightness declined from j =7.69 to 11.21 between these two epochs. However, the figure and the table also show that there was a rise in L brightness [£ =4.13 (13 observations)] which coincided with the later stages of the return of J towards maximum (JD 4578 to 4649). The J obscuration minimum at JD 5336 to 5621 had no obvious counterpart at L, unless it was associated with the standstill in L beginning near JD 5336. On the other hand, the increase ofL brightness (JD 6756 to 6829) after L had gone through a faint phase occurred at the same time as an obscuration minimum in J. The details are somewhat complex owing to short-period variations. If it is assumed that this increase in the shell brightness at L is directly linked to the decline in the direct starlight at J, then one can roughly estimate the fraction of the stellar surface that must have been covered by the dust puff responsible for this obscuration minimum. Before the J minimum (JD 6506) (J -L)o=1.75 and afterwards (JD 7185) (J -L)o=2.97. Fig. 2 indicates that for a star at ~ 7000 K the fraction of the total flux that is in the shell rose between the two epochs from 8 to 27 per cent. Thus the effective area of the star covered by the new puff must be ~ 19 per cent, i.e. a spherical cap of semi-angle ~52°. As discussed in Paper II the colour temperature of the dust is higher at this time than at others.
RS Tel
The JHK observations cover more than 21 yr but the L observations are concentrated in a period of about 15 yr. The most conspicuous feature in the data (Fig. 24) is the large range in L. This is greater than 2 mag, and, in view of the fact that the faintest points in L have quite large uncertainties (which make the correction to L for the stellar contribution using Fig. 1 somewhat uncertain) , the range in L sh may well be over 3 mag. The time-scale for the variability is of the order of 2000 d but with no obvious periodicity.
Notice that the rise from the L minimum at ~JD 5000 began before an obscuration minimum, which the J observations show began after JD 5216. Visual estimates (Bateson, private communication) show that this obscuration minimum began at about JD 5355. Over the period ~JD 5000 to 7000, L changes but with no obvious relation to the obscura- RS TEL 6 .. ' tion minima during this time. Fig. 24 shows that the rise from an obscuration minimum in J during JD 4003 to 4096 coincided with a rapid decrease in L brightness. The J minimum at ~ JD 5500 occurred at the time of a rapid increase in L brightness whilst that at ~ JD 6300 occurred during a rapid decrease in L flux.
4 GENERAL DISCUSSION 4.1 Long-term variations in the shell luminosity
The infrared photometry of RCB stars in Table 1 , extending in many cases over more than 20 yr, provides a major increase in the available data on these stars. In the present paper discussion is mainly limited to the long-term variability of the emission from the circumstellar dust (this Section) and the question of the relation (or lack of it) of the obscuration minima to this emission (the next Section).
Except in the case of R Y Sgr and for limited time-spans for some of the other stars, the observations were not made with sufficient frequency to adequately study variations on a short time-scale (~100 d). However, for time-scales longer than this there are no RCB stars in this sample for which the flux from the dust shell at L is constant. There is no evidence for variation of the underlying star on long time-scales. Thus the amount and/or temperature of the circumstellar dust varies for all these stars on time-scales of a few hundred days or longer. However, there is a wide range of behaviour amongst the stars. We may classify these as follows.
(1) Large-amplitude (dLsh~2mag or more) variations on a time-scale of from a thousand to a few thousand days. Examples are: UW Cen; WX CrA; RY Sgr; GU Sgr and RS Tel.
(2) Smaller amplitude (dLsh~O.5 mag) variations, which are irregular or else on a time-scale of several hundred days (e.g. SAps, V854 Cen, V CrA and RZ Nor). For these stars the mean magnitUde at L may stay nearly constant over the period of observation as in SAps, or show a secular increase in brightness of dLsh~O.5 mag as in V CrA, or perhaps a secular decrease at about the same rate as may have occurred in RZ Nor .
(3) SU Tau seems to combine the properties of the above two types. The total range is large (dLsh~2mag) but the overall impression from the light curve (Fig. 22) is of smallamplitude variations on a relatively short time-scale together with a possible secular decrease in brightness of a few tenths of a magnitude over the period of observation.
(4) R CrB itself stands out from all the other stars in the present sample as having variations of intermediate amplitude (dLsh~0.9 to 1.6 mag) which show some evidence of semiregular periodicity (period ~ 1260 d) rather than just a characteristic time-scale.
These different types of behaviour do not seem to be closely correlated with other properties of the stars. Thus it is not possible to rule out the hypothesis that anyone of the stars might go through each type of variation if it were observed over a much longer period than that of the present observations. The secular variations indicate that some changes are on a very long time-scale (~ ~ 10000 d). All of these time-scales evidently relate either to time-scales operating in the star itself (e.g. the mass ejection rate) or in the circumstellar environment, and some further discussion of this will be given in Paper II.
Relation of obscuration minima to infrared flux
The discussions in Section 3 show that there is no general anticorrelation between I (mainly from the star) and L (mainly from the shell). There are cases (e.g. for SU Tau and SAps) where an increase in L brightness at the time of an obscuration minimum or shortly afterwards may indicate that the L flux is directly related to the dust causing the obscuration. However, in view of the general variability at L it is difficult to be certain of this. It is in any case not a general phenomenon. Examples are given above of L remaining approximately constant at an obscuration minimum (e.g. UW Cen at '" JD 4350, V CrA at '" JD 3700; see also RY Sgr in Feast 1979 and Paper III), brightening (e.g. SAps at '" JD 6500, RS Tel at '" JD 5000) or fading (e.g. RS Tel at ",JD 4000 and at ",JD 6300). This effectively rules out a simple model of dust ejection in spherical shells.
This lack of any regular pattern in the relation between I and L also seems to exclude a model in which dust is ejected from the star in a uniform disc of fixed plane, the observer being near this plane. This would be the case whether the thickness of the disc increased with distance from the star, as might be expected if the dust is moving radially away from the star, or whether the disc were able to maintain a constant thickness as in the model of Rao & Lambert (1993) . This leaves the puff model, in which dust is formed over limited, random patches of the stellar surface, as the remaining option. The patches must be sufficiently small that in general a single new puff will not affect the total flux from the shell appreciably. This does not rule out the possibility of occasional large puffs.
In this model one would expect that for a shell to brighten there must be an increase in the frequency of puff production, or that the individual puffs must be larger or denser. In the first two cases one expects an increase in the chance of an obscuration minimum occurring. In the third case the minima will last longer. Any such statistical correlations are quite difficult to establish with certainty, even with the present large set of data. There are, however, some hints in this direction. (1) V854 Cen and V CrA, which each show a high level of obscuration activity, also have high infrared excesses (see Table 3 ) at all times. (2) UW Cen had a high level of activity in the periods JD 3500 to 4500 and JD 6500 to 8300 when its infrared excess, (I -L )0' was high, whilst the long decline in L from JD 5000 to 6200 had no obscuration minima in it. (3) RS Tel had two relatively closely spaced obscuration minima at JD 5600 and 6300 at a time when L was passing through a maximum in brightness. (4) The HdC stars, which are spectroscopically similar to the RCB stars but do not show obscuration minima, have little or no infrared excess (see Table 4 , also Feast 1986 and Paper II). (5) XX Cam, which is only recorded as having had one shallow minimum in 80 yr, also has no observed infrared excess (Rao, Ashok & Kulkarni 1980) .
CONCLUSIONS
This paper has presented a study of the long-term behaviour of RCB variables in the infrared. In all the cases studied the © 1997 RAS, MNRAS 285, 317-338
The R Coronae Borealis stars -I 337 flux from the dust shell at L varied on time-scales of a few hundred to a few thousand days. Amplitudes of up to 3 mag in the shell flux at L were found, the larger amplitudes being associated with the longer time-scales. Semiregular periodicity is possible in the case of R CrB itself, but has not been found in any of the other stars. In some cases there appear to be secular variations over '" 10 000 d. There is no general relation between the brightness of the infrared flux and the occurrence of the obscuration minima as seen at 1. There are some occasions on which an obscuration minimum is followed by an increase in the dust emission at L. It is not clear whether this indicates a causal relation. In any case it is not a general phenomenon, and obscuration minima can occur during times of both increasing and decreasing dust flux. Nevertheless, there may be an underlying statistical relation between the frequency of obscuration minima and the infrared excess.
Models involving fixed geometry (e.g. ejection of dust in spherical shells or discs of fixed plane) seem unable to explain the RCB phenomena. This leaves the ejection of dust puffs in random directions from the star as the only viable model, and this will be discussed further in Paper II.
Where large variations in the dust flux are observed the characteristic time-scale is of the order of 1000 d. Whilst the physical processes leading to this time-scale are not understood, it is interesting to note that the average time between obscuration events is also of this order [at least for R CrB (1026 d), SU Tau (1143 d) and SAps (1249 d), see Feast 1986 and references there] . Thus in the puff model an RCB star will, on average, have ejected dust in a complete spherical shell in this time (although the parts of the shell will be at different distances from the star at anyone time). Evidently, one can think of a time-scale of this order as being a characteristic scale for the whole stellar atmosphere or for the circumstellar environments. It is therefore perhaps not surprising that such a time-scale should be apparent in the infrared flux from the shell. In the case of R CrB itself, Clayton et al. (1993b) have suggested tentatively that there may be a semiregular variation in obscuration activity on a scale of 1000-2000 d, although they confirmed previous studies that indicated that the intervals between successive declines was random. It is clearly tempting to associate any such semiregularity with the semiregularity suggested by the infrared results. 
